a B S t r a c t the antioxidant activity was evaluated from the ability to chelate iron, reducing property, scavenging DPPH radical and nitric oxide. the A. farnesiana ethanolic extract responded to all the antioxidant assays in concentrations dependent manner. evaluated by broth microdilution assay, the extract exhibited Mic value at 0.8 mg/ml against Bacillus subtilis and Mic value at 2.5 mg/ml against Saccharomyces cerevisiae. the absence of cytoxicity was observed from the brine shrimp lethality test. The quantification of total phenolic content by Folin-Ciocalteu reagent resulting 209.78 ± 3.21 mg gallic acid/g ethanolic extract of A. farnesiana leaves. Analysis of the extract by both HPLC-PDA and LC/MS have tentatively identified flavonoid galloylglycoside and flavonoid glycosides from the extract. It was plausible that the preparation method of the extract influenced the consituents of the extract, and that later contributed to the exhibited antioxidant and antibacterial activities. Quercetin deoxyhexoside was tentatively identified as the major consituent of the extract. Bioassay guided isolation is suggested as future research to study the biological activities and elucidate the chemical structure of flavonoids involved.
extract. [3] Solvents and extraction procedures, [4] together with different methods available to evaluate antioxidant [5] and antibacterial activity [6] have been contributed to the variation of observed plant extract effects. In frequently reported studies, polyphenols have been suggested as responsible for the potent biological activities of extracts prepared using methanol and ethanol. [7] Acacia farnesiana is a plant from the subfamily Mimosoideae of Leguminosae (Fabacea). It is well known cultivated for its flower to be utilized in the production of cassie perfume. [8] The plant is also known for its ethnopharmacological properties and a number of scientific studies have been carried out previously. For instance, the bronchodilator and anti-inflammatory effect of glycosidal fraction of A. farnesiana was reported. [9] The root is reputed active against snake bite venom [10] and compounds of diterpenes and flavonoids were previously isolated from the root extract. [11] The methanolic extract of Acacia farnesiana bark exhibited antidiarrhoeal activity against castor oil and magnesium sulphate induced diarrhea along with antimicrobial activity against common pathogens responsible for diarrhoea in vitro. [12] Previously, the anti-inflammatory property of the
Antioxidant, Antimicrobial and Cytotoxicity Activities of Acacia farnesiana (L.) Willd. Leaves Ethanolic Extract INTRODUCTION
Biological studies of plant extracts have been carried out to verify the pharmacological properties of the plants. The radical scavenging, reducing capacity and metal chelating properties of antioxidants are known to eliminate and prevent the generation of free radical. The properties have been contributing directly or indirectly in the prevention of pathogenesis and deterioration of food, [1] whereas the ability of plant extract to kill or inhibit the growth of microorganisms is at interest for the development of antimicrobial agent. Thus, such studies add value and provide scientific information to continually validate the potential of the plant known as ethnomedicine. [2] Along with the determination of the pharmacological properties of plant extract, study on the toxicity property of plant extract is indispensable to assure the safety of the 50 µl of 10% trichloroacetic acid (w/v) and 2 µl of 1% of ferric chloride (w/v) was added into each well. The addition of FeCl 3 leads to the formation of colored complex which can be measured at 700 nm. The mixture was mixed until homogenized before being measured spectrophotometrically. Increase in absorbance of the reaction mixture indicates good reducing capacity of extract. The assay was carried out in triplicate. The graph of absorbance at 700 nm against the correspondent extract concentration was plotted. The EC 50 was arbitrarily defined as the concentration of extract that exhibited absorbance of 0.5 at 700 nm obtained from a line of best fit from the plotted graph.
DPPH radical scavenging assay
The activity was determined according to. [16] Aliquot of 100 µl of DPPH in methanol (126µM) was pipette into 96 well microplate, followed by 100µl of extract prepared in ethanol. The reaction was allowed to incubate in 30 minutes at room temperature. Next, the absorbance was measured at 517 nm using microplate reader. All extract were analysed in triplicate. The control was reaction mixture with ethanol substituting the extract. The DPPH radical scavenging activity was calculated by the following equation: Radical scavenging activity (%) = (Absorbance control -Absorbance sample )/Absorbance control × 100. The scavenging activity of extract was expressed as the concentration necessary to scavenge free radical by 50% (EC 50 ).
Nitric oxide scavenging assay
Extract in DMSO (20 mg/ml) was diluted with ultrapure water to obtain different concentrations in a range of 0.5-5 mg/ml. The assay was carried out according to [17] with modifications. Into a 96 microwell plate, 50 µl of extract or control (ultrapure water) was added into 50 µl of 5 mM sodium nitroperusside (prepared in a phosphate buffer (pH 7.4)). The mixture was incubated for 2 hours. Next 100 µl of Griess reagent (0.5% sulphanilamide in ultrapure water, 0.16% naphtylethylenediamine dihydrochloride in 20% acetic acid, 1:1) was added and was immediately read at 570 nm. Different concentrations of aqueous sodium nitrite (1-120 µM) were treated in the same way with Griess reagent. A graph of sodium nitrite concentration against the absorbance of chromophore formed at 570 nm was used to calculate the nitrite produced in the reactions. The nitric oxide scavenging activity was calculated as, scavenging activity (%) = (Absorbance control -Absorbance sample )/ Absorbance control × 100. The concentration of extracts necessary to scavenge 50% of the produced nitric oxide (EC 50 ) was obtained from a graph of scavenging activity (%) against a plant extract concentrations.
Broth microdilution assay for antimicrobial evaluation
Bacterial strains studied were: Staphylococcus aureus (ATCC 6538P), Bacilus subtillis (ATCC 6633) and Escherichia coli leaves ethanolic extract evaluated by carrageenan induced paw oedema for acute inflammation and cotton pellet induced granulation for chronic inflammatory model has been reported. [13] In addition to the previous works, the objective of this study was to study the antioxidant, antimicrobial and cytotoxicity activities of Acacia farnesiana leaves ethanolic extract. The quantification of phenolic content by Folin ciocalteu reagent, and characterization of the extract by high performance liquid chromatography coupled with photo diode array (HPLC-PDA) and mass spectrometry (LC/MS) were also carried out.
MATERIALS AND METHODS

Plant material
Leaves of Acacia farnesiana were collected from botanical garden in Bangkok. The identification and authentication of species was carried out by Associate Prof. Dr. Nijsiri Ruangrungsi. Samples were deposited at the Faculty of Pharmaceutical Sciences Herbarium, Chulalongkorn University. All samples were air dried before grounded and were stored at room temperature.
Preparation of ethanolic extracts
The dried grounded powder of sample was successively extracted with petroleum ether, dichloromethane and ethanol in soxhlet apparatus. The ethanol in the extract was removed with rotary evaporator and water bath, respectively.
Metal chelating assay
The assay was carried out according to [14] with modifications. In the 96 well microplate, 15 µl of iron (II) chloride (FeCl 2 ) in ultrapure water (2 mM) was added into 110 µl of extract in ethanol (1-10 mg/ml). The reaction started by addition of 75 µl of aqueous Ferrozine (5 mM). The mixture was left for 10 minutes, before the absorbance of reaction was measured at 562 nm. Control was ethanol reacted with FeCl 2 and Ferrozine. The Fe 2+ chelating activity of test compound was calculated as: Chelating activity (%) = (Absorbance controlAbsorbance sample )/Absorbance control × 100. EDTA was used as positive control (0.01-0.1 mg/ml). The effective concentration of EDTA that chelate 50% of ferrozine (EC 50 ) was obtained from a graph of chelating activity (%) against the EDTA concentration.
Reducing power assay
Extract in DMSO (20 mg/ml) was diluted with 0.1 M potassium phosphate buffer (pH 6.6) to obtain different concentrations in a range of 0.02 to 1.0 mg/ml. The reducing assay was carried out according to [15] with modifications. A 148 µl of each concentration was pipette into a 96-well microplate, followed by 50 µl of 1% potassium ferricyanide (w/v). The mixture was incubated at 50 °C for 20 min. Next, was pipette into 96 well microplate, followed by 100µl of 15% Folin Ciocalteau. Distilled water was added to adjust the volume to 200 µl. The mixture was left for 5 minutes before addition of 100 µl Na 2 CO 3 aqueous (0.105 g/ml). The absorbance of extract was measured at 756 nm after incubation at 30 °C for 60 minutes. All determinations were performed in triplicate. Different concentrations of gallic acid (0.03, 0.06, 0.12, 0.25, 0.5 and 1 mg/ml) were used to prepare a standard graph. The concentration of total phenolic compounds in all extract was expressed as mg of gallic acid equivalents per g dry weight of extract using a linear equation.
Detection and characterization of extract constituents by HPLC-PDA and LC/MS
One mg/ml sample was filtered through the Ultrafree-MC membrane centrifuge-filtration unit (hydrophilic PTFE, 0.20 µm, Milipore), and 5µl of the filtrate was loaded into a TSK-gel Super ODS column (2.0 µm, 2.0 × 100 mm, TOSOH, Tokyo, Japan) at 40 °C. The mobile phase consisted of water (A) and acetonitrile (B) both containing 0.1% formic acid with the flow rate of 200 µl/min. The separation and detection was performed by an Agilent 1100 HPLC system (Agilent Technologies, Palo Alto, CA) with gradient condition of 5%-60%B for 35 minutes. The HPLC system was consisted of a pair of LC 10AD VP pumps, a DGU 12A degasser, a CTO 6A column oven, an SPD 10A VP photodiode array detector (PDA), and a SCL 10A VP system controller (Shimadzu, Kyoto, Japan). For the analysis by LC/MS, the HPLC system coupled with mass spectrometer (MS) was consisted of Finnigan LCQ Deca XP plus Ion Trap MS instrument (Thermo Fischer Scientific, San Jose, CA) equipped with electrospray ionization (ESI) interface. The ESI conditions of negative mode were as the following: capillary temperature 300 °C; sheath gas flow rate, 35 (arbitrary units); ESI source voltage, 5000 V; capillary voltage, 43 V; and tube lens offset 15 V. Scan range 150 to 1000 was applied. Tandem mass spectrometry (MS/MS) was applied to ions that acquired further structural analysis. Standards employed for both HPLC-PDA and LC/MS analyses were gallic acid, epicatechin, quercetin, ellagic acid, genistein, rutin (Nacalai Tesque, Kyoto, Japan) and tannic acid (Wako Pure Chemicals, Osaka, Japan).
RESULTS AND DISCUSSIONS
Antioxidant activities
Various mechanisms have been attributed to the antioxidant activity of an extract. Metal chelating capacity of antioxidant was significant in reducing the concentration of transition metal participating in lipid peroxidation. [21] Transition metal as iron (Fe 2+ ) has been described contributing in free radical generation, stimulating lipid peroxidation that eventually disturbing the function of membrane protein. [22] The metal (ATCC 25922), whereas fungal strains were: Saccharomyces cerevisiae (ATCC 9763) and Candida albicans (ATCC 10230). They were obtained from the Department of Microbiology, Faculty of Pharmaceutical Sciences, Chulalongkorn University. Both bacterial and fungal strains were maintained on Muller-Hinton and Sabouraud agar, respectively. The subcultures were prepared 24 hours before use. Two to three colonies of the microbial culture from 24 hour old plate were suspended in normal saline and the turbidity of the culture was adjusted to match the 0.5 Mc Farland standard. Next, a microbial suspension in broth was prepared by adding 10 µl of normal saline microbial suspensions to 1 ml Muller-Hinton or Sabouraud broth. The assay was carried out according to [18] with modifications. Into a sterile 96-well microplate, 50 µl of microbial suspended in broth was added to the wells containing 50 µl of plant extract (final concentration: 0.2-1.2 mg/ml for bacteria and 1.0 to 5.0 mg/ml for fungi) or control. Control was prepared by diluting 50 µl DMSO with broth to obtain final volume of 1 ml. After 20 hours incubation at 37 °C, 20 µl of P-Iodonitrotetrazolium (INT) reagent dissolved in water (1 mg/ml) was added into each well. The lowest concentration of extract inhibiting the growth of test microorganisms indicated by INT was defined as the MIC of an extract. Gentamicin was used as a reference antibiotic.
Brine shrimp lethality assay
Fresh eggs of A. salina were purchased from the local pet shop at Chatuchak market, Bangkok. Artificial sea water was prepared by dissolving 3.8 g sea salt per litre of distilled water and was aerated for 24 hours. Into a two portioned aquarium, the eggs were hatched in the darkened area of the aquarium covered by aluminium foil whereas the other part of the aquarium was put under a light. With the help from a light source, the larvae (nauplii) were attracted to the side of the aquarium and were easily collected from the non hatched eggs. One day old nauplius was transferred into a vial containing 5 ml of artificial sea water (30 per vial) and was allowed to stand for another 24 hours under illumination. Extract prepared in DMSO was added into each vial to obtain final concentration of extract at 10, 100 and 1000 µg/ml. Five vials were prepared for each concentration. The controls were prepared in the same manner except that DMSO was used instead of the extract. Three replicates were prepared for each concentration. After 24 hours, the numbers of survivors were counted. Next, the percentage of death and LD 50 was calculated by probit analysis. [19] Determination of total phenolic content Quantification of total phenolic content of extract was determined using Folin-Ciocalteu's phenol reagent according from [20] with modifications. Phenolic compounds in the extract will form a blue color complex with Folin Ciocalteu reagent after adjusted with alkali. Briefly, 80µl of extract in methanol was observed from the formation of colour complex which was measured at 700 nm. Increase in absorbance of the reaction mixture indicates good reducing capacity of extract. [27] As an indication to the potency of the extract and standard quercetin, EC 50 was arbitrarily obtained as concentration of extract that exhibited 0.5 absorbance value calculated from the linear plotted graph [15] (Figure 2) . Results showed that the extract exhibited EC 50 = 40.4 µg/ml compared to quercetin with EC 50 = 3.75 µg/ml.
From the reaction of the extract with DPPH radical, it was observed that the scavenging activity of A. farnesiana ethanolic extract was also concentration dependent ( Figure 3) . The concentration of extract required to scavenge 50% of DPPH radical present in the reaction mixture (EC 50 ) was higher compared to quercetin. Ethanolic extract of A. farnesiana scavenge 50% of DPPH radical at the concentration of 56 µg/ ml, whereas quercetin exhibited EC 50 = 3.25 µg/ml.
Other than free radical, the non radical species as nitric oxide (NO) has been associated with chronic inflammation, cell death, and onset of atherosclerosis. [28] Nitric oxide scavenging activity has been studied using sodium nitroprusside (SNP) and Griess reagent. SNP decomposes in an aqueous solution at physiological pH to produce NO. Under aerobic conditions, NO reacts with oxygen to produce stable nitrite product which can be quantify from the reaction with Griess reagent. Antioxidants were reported able to prevent the cytotoxity and lipid peroxidation activities of SNP derived by NO. [29] When solution of 5 mM SNP in PBS was incubated at 25 °C for 2 hours, a time-dependent nitrite was generated, which was decreased by the presence of extracts in a dose-dependent manner. [30] In this study, the mean of nitrite produced during the 2 hours incubation with SNP was 59.56 ± 2.26 µM. As in Table 1 , A. farnesiana ethanolic extract inhibited NO production in a concentration dependent.
The evaluation of antioxidant activity was carried out by several assays. The concentration of extract required to obtain EC 50 in the in DPPH experiment compared to NO assay and metal chelating was observed. Other than chelating property of an extract has been evaluated from the ability of extract to bind with metal in a presence of Ferrozine. [23] Ferrozine is a chromophoric complexing agent that able to bind with free iron (Fe 2+ ). The ability of extract to interfere with the formation of Fe 2+ -Ferrozine complex or simultaneously bind to the iron is regarded as metal chelating activity. [24] The ethanolic extract of A. farnesiana exhibited the ability to chelate metal, but it was observed that the chelating activity was saturated at high concentration of extract, which higher concentration of extract was found ineffective to increase the metal chelating activity of the extract. The activity of extract was compared with the activity of EDTA; a known metal iron chelator. Extract of A. farnesiana exhibited the highest metal chelating activity at the concentration of 5 mg/ml, whereas the chelating activity of EDTA was increasing linearly with its concentrations (Figure1) . At the concentration of 5 mg/ml the extract was able to chelate 15.55 ± 0.38% of available iron, whereas EDTA exhibited EC 50 = 0.052 mg/ml which was defined as the concentration of EDTA required to chelate 50% of available iron. [25] Both reducing power and free radical scavenging activity indicate the antioxidant activity of extract through the ability to donate electron or hydrogen that is crucial in the inhibition of deleterious effects caused by oxidation process and free radicals. [26] The reducing capacity of A. farnesiana ethanolic extract was evaluated from the ability of extract to reduce potassium ferricyanide, whereas DPPH (2,2-diphenyl-1-picrylhydrazyl) radical was employed to evaluate the free radical scavenging activity. The reducing ability of A. farnesiana microorganisms indicated by INT was defined as the minimum inhibition concentration (MIC). MIC value indicates the antimicrobial property of an extract. Extract with MIC < 1 mg/ml was regarded as exhibiting activity. [37] It was found that ethanolic extract of A. farnesiana leaves exhibited MIC = 0.8 mg/ml against bacteria Bacillus subtilis (ATCC 6633), whereas the MIC to the growth of Staphylococcus aureus (ATCC 6538P) and Escherichia coli (ATCC 25922), were more than 1.0 mg/ml, thus the extract was regarded as not active against those bacteria. E. coli has been found resistant to plant extracts and frequently the gram positive bacteria are more susceptible to plant extract than gram negative. [38] Nevertheless, the antibacterial activity of extract against B. subtilis was low compared to Gentamicin (MIC = 0.05 mg/ ml). Fungi unlike bacteria are eukaryotic cells which are more complex to be inhibited; therefore the MIC for bacteria is usually lower compared to fungal. Towards the fungal, the final concentration of extract was increased because the extract showed no inhibitory effect at final concentration of 1.0 mg/ml. The extract exhibited MIC = 2.5 mg/ml against Saccharomyces cerevisiae (ATCC 9763) whereas no activity was observed against fungal Candida albicans (ATCC 10230) at final concentration of 5 mg/ml.
Cytotoxic activity
Substituting the use of laboratory animals in toxicological tests due to the high cost for chemicals and animal suffering have been proposed. [39] The utilization of brine shrimp or Artemia salina (Artemiidae) for predicting the cytoxicity of plant extracts has been employed as an alternative. In this test, the tiny crustacean Artemia salina was used. After exposure of 24 hours to the extract, the surviving A. salina were counted. Increases of lethality which linear to the increase of extract concentration allow the determination of the dose or concentration of extract that causing 50% of lethality (LD 50 ) to the A. salina. The results of brine shrimp lethality test has been expressed as the extract was not toxic (LD 50 >1000), weak toxicity (LD 50 500-1000 µg/ ml), toxic (LD 50 100-500 µg/ ml) and very toxic (LD 50 <100 µg/ ml). [40] The brine shrimp lethality assay not only indicates the safety of the extract but this bioassay has a good correlation with cytotoxic activity in human solid tumors. The compound toxic to A. salina was reported exhibiting the possible antineoplastic activity. [41] From the result, the A. farnesiana extract was not lethal to the A. salina at the final concentration of 1000 µg/ ml. Thus, the extract was considered as not toxic.
Analyses of extract
In this study, the ethanolic extracts were prepared by successively extracting the plant materials with petroleum ether, dichloromethane and ethanol in soxhlet apparatus. The use of sequential solvents with different polarity allows a separation of compounds according to their solubility in the solvents, thus simplify and reduce the chemical complexity differences in the basis of each assay, it was reported that solvent influences the kinetics of reaction with DPPH. [31] DPPH is a synthetic free radical which readily to undergo reduction by antioxidant substances in a polar organic solvent such as methanol, while the NO radical has to be generated from SNP in a buffer. [32] Application of Tris buffer was suggested able to reduce the interference of solvent with the complexing capacities of phenolic compound in metal chelating assay. [33] In comparison with the quercetin, the activities of A. farnesiana ethanolic extract were found low. The structure activity relationships of quercetin [34, 35] as a metal chelator, DPPH radical scavenger and reducing power have been widely published, resulting quercetin as a favourable positive control over synthetic antioxidants as BHT (Butylated hydroxytoluene), and BHA (Butylated hydroxyanisole), especially in the study of antioxidant substances. The OH group at the position C 3 , presence of ortho-dihydroxy group and absence of glycosylation group particularly at position C 3 have been reported as contributing to the pronounced antioxidant activity of quercetin (Figure 4) . [36] 
Antimicrobial activity
The ability of A. farnesiana extract to inhibit the growth of selected bacterial and fungal strains was evaluated by broth microdilution method. In the broth microdilution method, the microbial growth was indicated by a presence of reddishpink colour after the addition of tetrazolium salt (INT). The lowest concentration of extract inhibiting growth of test [36] Ion at m/z 615 was identified as the deprotonated ion [M-H] -of peak 1. Product ions at m/z 463 and 300 indicated neutral loss of galloyl group and hexoside, respectively. The aglycone was identified as quercetin which was in corresponded with the standard. The gallic acid group was most likely bounded to the sugar component because compounds of this type are quite sporadic in the flora. [46] Therefore, peak 1 was tentatively identified as quercetingalloylglucoside. Flavonoids galloyl glucosides have been previously reported from Acacia farnesiana. For instance, naringenin 7-O-galloylglucoside was described from the pod of Acacia farnesiana, [47] along with other flavonoids galloyl glucosides; consisted of kaempferol, quercetin and myricetin 7-O-galloylglucoside were also identified from the pod. [48] of the extract, whereas it was suggested that the heat disrupted the cell wall and liberate the polyphenol compounds which in turn increased the pool of accessible compounds. [42] In addition, such preparation of extract also facilitated the LC/ MS analysis since requiring no procedures of extract clean up. The quantification of total phenolic content by Folin-Ciocalteu reagent resulting 209.78 ± 3.21 mg gallic acid/g ethanolic extract of A. farnesiana leaves. Nevertheless, the values given by extract reaction with Folin-Ciocalteu reagent was only an approximate estimation of the total phenolic content. [43] Analysis by HPLC-PDA and LC/MS in the negative ionization with a scanning range between m/z 150-1000 tentatively characterized A. farnesiana leaves ethanolic extract. Tandem mass spectrometry (MS/MS) was applied to ions that acquired further structural analysis. The HPLC profile of A. farnesiana extract recorded at 280 nm is depicted in Figure 5 . Previously, high tannin content was reported from A. farnesiana leaves; [44] however the UV spectra for the numbered peaks exhibited two major absorption bands: around λ max 260 nm and 350 nm, thus were putative flavonoids. [45] Results obtained through the mass analysis in the negative ion mode are shown in Table 2 . The characterizations were aided by comparison with reference standard where available and by correlation with previous literature reports. the method applied to prepare the ethanol extract in this study had eliminated any volatile compound thus the antimicrobial and antioxidant observed was presented by the flavonoid compounds in the extract. It was reported that quercetin and its isomer; morin were active antimicrobial agent, nevertheless, compared with the glycosidic form of quercetin; rutin which was also found in the extract of A. farnesiana leaves extract was inactive against microbial growth. [59] Previously, plant extracts with MIC values 1.25 to 5.0 mg/ml determined by broth microdilution against B. subtilis was regarded as showing antibacterial activity. [60] Therefore, from the MIC values exhibited by A. farnesiana extract (0.8 mg/ml) against B. subtilis in this study, the extract could be regarded as effective antimicrobial agent in comparison with those medicinal plant extracts.
In this study, the assays selected have been carried out frequently as preliminary or complementary assays in evaluating the antioxidant, antimicrobial and cytotoxicity activities of plant extract. Nevertheless, the assays may not be able to reflect the effect of the extract in vivo. For instance, the ability of A. farnesiana ethanolic extract to chelate a metal in this study only reflected the nature of the extract which consisted of a number of compounds with different affinities for iron compared with EDTA in competing with ferrozine to bind the available iron. [15] Result on cytotoxicity was also in accordance with the absence of toxicity or mortality exhibited by ethanolic extract of lotus which consisted of catechin glycosides and flavonoid glycosides including quercetin-3-O-rhamnoside. [61] The A. farnesiana ethanolic extract may not suitable to be developed as an anticancer agent but the cytotoxicity test suggested the safety of extract rich in flavonoid compounds.
This study is a part of a continuous effort to appreciate and provide scientific study to the plants with relevance to food and health. The method used to prepare extract has contributed to the extraction of constituents detected in the extract and the structures of flavonoid were responsible for the observed activities. The presence of quercetindeoxyhexoside in the extract influenced the biological activity of A. farnesiana extract in agreement with the reports from other studies. Nevertheless, bioassay guided isolation is suggested to study the phytochemicals involved.
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The author wishes to thank the Universiti Teknologi MARA, Malaysia for financial supports through the Young Lecturer Scheme. Her deepest gratitude to Dr. Kato Hajime from the Graduate School of Environmental and Human Sciences, Meijo University, Japan for the technical assistance on LC/ MS. Special appreciation to Mr. Apirach Prachasupap from College of Public Health, Chulalongkorn University Peak 2 was initially suspected as rutin according to the matched retention time, however the product ions of the peak was not corresponded to standard rutin, therefore peak 2 was suggested to be quercetin diglycoside. Ion at m/z 433 and 447 fragmented in MS/MS to produce ion that corresponded to standard quercetin, neural loss of 132 and 146 from each ion, respectively demonstrating presence of pentoside and deoyhexoside. [49] Thus, peaks 3 and 4 were tentatively identified as quercetin-pentoside and quercetin-deoxyhexoside. Peak 5 was tentatively identified as diosmetin-diglycoside based on the deprotonated ion [M-H] -at m/z 607. [50] Diosmetin was expected in the extract in corresponding to the report of diosmetin from the seed of A. farnesiana. [51] Previously, a number of compounds have been previously isolated and identified from A. farnesiana. For instance, diosmetin, a new flavone described as farnisin and sitosterol glucoside were reported from the seed. [51] A novel diterpene β-D-glucoside, designated as farnesiaside was also isolated of the seed. [52] This study reported the presence of flavonoids galloyl glucosides and flavonoid glycosides from the leaves of A. farnesiana ethanolic extract.
Influences of phenolics compound such as phenolic acid, flavonoids and tannin with the pharmacological properties of an extract have been frequently reported. From the HPLC results, it could be deduced that the biological activity of A. farnesiana extract observed in this study was contributed by the presence of quercetin-deoxyhexoside. Rhamnose is an example of deoxyhexose sugar found associated with flavonoids, commonly found in the form of disaccharide as rutinose (6-O-α-L-rhamnosyl-D-glucose) and neohesperidose (2-O-α-L-rhamnosyl-D-glucose). The glycosylated flavonoids which are ubiquitously found in fruits and vegetables have been frequently studied due to their health effects. For instance, although the metal chelating activity of flavonoid in vitro was lower than EDTA, [53] quercetin and rutin were effective chelators of transition metals.
[54] Excessive intakes of food rich in metal chelators reduce the absorption of iron in the gut and eventually developing iron deficiency particularly to infant, children and pregnant woman. [55] Evaluation of crude extract frequently demonstrated the synergistic and antagonistic effects of constituents in the extract. For example, the green tea extract exhibited high NO scavenging activity compared to the extract components; caffeine and theanine at concentration 5 µg/ml, but the activity was lower compared to tannin which indicated the contribution of tannin to the NO scavenging activity of the green tea extract. [56] The structure activity relationship of compound such as glycosylation at position 3 exhibited by kaempferol-3-O-glucoside and quercetin 3-O-glucoside reduced the antioxidant activity of an extract. [57] Previously, the essential oil from A. farnesiana was responsible for the antifungal activity against rice pathogenic fungi. [58] However,
